Objectives. The lunar cycle is believed to be related to psychiatric episodes and emergency department (ED) admissions. This belief is held by both mental health professionals and the general population. Previous studies analyzing the lunar effect have yielded inconsistent results. Methods. ED records from two tertiary care hospitals were used to assess the impact of three different definitions of the full-moon period, commonly found in the literature. The full-moon definitions used in this study were 6 hours before and 6 hours after the full moon (a 12-hour model); 12 hours before and 12 hours after the full moon (a 24-hour model); and 24 hours before and after the day of the full moon (a 3-day model). Results. Different significant results were found for each full-moon model. Significantly fewer patients with anxiety disorders presented during the 12-hour and 24-hour models; however, this was not true of the 3-day model. For the 24-hour model, significantly, more patients presented with a diagnosis of personality disorders. Patients also presented with more urgent triage scores during this period. In the 3-day model, no significant differences were found between the full-moon presentations and the non-full-moon presentations. Conclusions. The discrepancies in the findings of full moon studies may relate to different definitions of "full moon. " The definition of the "full moon" should be standardized for future research.
Introduction
The belief that the lunar cycle is associated with the onset and severity of psychiatric symptoms has persisted since the middle ages [1] . This belief still occurs in some mental health professionals, who report that the agitation of psychiatric symptoms induced by the full moon results in increased admissions, suicides, homicides, and emergency department (ED) visits [1] [2] [3] [4] . Opinion surveys conducted with ED personnel also indicate the belief that the demand for patient services increases during the full moon [4, 5] .
The belief that the lunar cycle influences the frequency and severity of emergency psychiatric presentations is clearly widespread. However, few studies conducted to date have found consistent evidence in support of a lunar effect [1] [2] [3] [5] [6] [7] [8] [9] [10] [11] [12] [13] . The bulk of lunar research has found no relationship between lunar activity and ED psychiatric presentations [5] [6] [7] [8] [9] [10] . These findings suggest that psychiatric ED presentations are not influenced by the phases of the lunar cycle.
Despite being in the minority, some retrospective studies have found a relationship between the frequency of criminal behaviour or psychiatric crises and the lunar cycle [11, 12] . Templer and Veleber found that a disproportionate number of suicide attempts, emergency and counseling telephone calls, acute psychiatric hospital admissions, arrests, and schizophrenia hospital admissions occurred during the full and new moons [11] . Other researchers have found a relationship between criminal behavior and the lunar cycle. Several criminal offences including rape, robbery and assault, burglary, property and automobile theft, drunkenness, and disorderly conduct have been found to occur more frequently 3 days prior to and following the full moon than at other times 2 ISRN Emergency Medicine during the lunar cycle [2, 3, 12] . The relationship between the lunar cycle and aggressive behavior is also contradictory; several studies have found an increase in aggressive behavior at the time of the full moon, while other, more robust, studies have found the opposite effect [9, 10, 14] . The results of these studies directly contradict the findings of other studies in this area which have not found evidence to support the lunar effect.
Thus, the research performed in this area to date does not demonstrate a consistent relationship between emergency psychiatric admissions and the lunar cycle. The response to this lack of consistency has been to replicate previous studies looking for different results. We, however, propose that these inconsistent results may be due to the wide variety of definitions of the "full-moon" timeframe used in previous lunar research.
Therefore, in this study, we analyzed the relationship between the lunar cycle and the frequency of emergency psychiatric presentations in one population using three different methods of defining the "full-moon" timeframe. In the first model, we defined the full-moon period as the 12 hours surrounding the full moon. In the second model, we defined the full moon as a 24-hour period including the 12 hours before and after the time of the full moon. In the third model, we defined the full-moon period as a three-day period consisting of 24 hours before and after the 24-hour period surrounding the time of the full moon.
These definitions of the full-moon period are found in lunar research because they are thought to ensure that the study captures both the potential direct effects of the full moon (12 hours) and the potential effect of the waxing and waning moon (24 hours and the 3-day period). We hypothesized that each model will yield different psychiatric diagnoses and presentation characteristics (e.g., mode of arrival and triage severity) for ED presentations during the full-moon period specified by that model.
Methods
This study was conducted using data from two tertiary care centers in Kingston, Ontario. We obtained our data from an administrative database maintained by Hotel Dieu Hospital (HDH) and Kingston General Hospital (KGH). These databases recorded all presentations to the EDs of these hospitals. We included presentations if they were categorized as "Mental Health and Psychosocial Condition" over a fiveyear period. We included the following information about each presentation in our data set: date and time of presentation, triage severity, and mode of arrival. We also included the following patient characteristics: gender, marital status, age, and primary diagnosis.
We then grouped the primary diagnoses into the following diagnostic clusters: dementia, delirium and cognitive disorders; substance-related disorders; schizophrenia and psychotic disorders; mood disorders; adjustment disorders; anxiety disorders; somatoform and dissociative disorders; eating disorders; personality disorders; childhood disorders; and other disorders.
Next, we categorized ED presentations based on whether they occurred during the period defined by one of the fullmoon models that we tested. We calculated all of the fullmoon periods using the exact time of the full moon, which we obtained from tables available on the NASA website [15] . A total of 62 full moons occurred over the five-year period captured by the database. We coded each presentation in our data set as "full moon" if it occurred during the period specified by that model or "control" if it occurred outside the period.
In the 12-hour model, we defined all presentations that occurred within the 6 hours preceding or following the time of the full moon as "full-moon" presentations. In the 24-hour model, we defined all presentations that occurred within 12 hours preceding or following the time of the full moon as "full-moon" presentations. In the 3-day model, we defined all presentations that occurred 24 hours before or after the 24 hours surrounding the time of the full moon as "full-moon" presentations.
Analysis
We used SPSS version 20.0 to analyze the data. We conducted independent samples t-tests to compare demographic variables (including age, gender, triage score, and arrival method) and the frequency of presentation of the primary diagnostic clusters between "full moon" and "non-full moon" presentations for each full moon model. Statistical significance was considered to be < 0.05.
Prior to the commencement of this study, ethical approval was obtained from the Queen's University Health Sciences Research Ethics Board.
Results
A total of 9,967 presentations were made to the ED for Mental Health and Psychosocial Condition during the 5-year study period. Of the total population, 54% were male ( = 5, 3867) and 46% were female (4,580). The average age was 36.1 years (SD = 19.0). The majority of individuals were walk-ins (58.4%, = 5, 817), followed by ground ambulance (34.6%, = 3, 446), police (6.6%, = 655), and then "other or missing" (0.3%, = 29). Most ( = 5, 436, 54.5%) individuals had a triage code of "3" or "urgent", followed by "4" or "less urgent" ( = 3, 082, 30.9%).
Demographics for the 12-hour, 24 hour, and 3-day full moon models can be found in Tables 1, 2, and 3.
In the 12-hour full-moon model, we found that significantly fewer patients with anxiety disorders presented to the ED compared to the non-full-moon period (M = 0.17; SD = 0.38 versus M = 0.25; SD = 0.43), = 0.016.
In the 24-hour model, we again found that significantly fewer patients with anxiety presented during the full-moon period (M = 0.19; SD = 0.40, M = 0.25; SD = 0.43) compared to patients who presented during the non-fullmoon period = 0.019. We also found that in the 24hour model there were significantly more admissions for personality disorders (M = 0.03; SD = 0.16) than during the non-full moon period (M = 0.01; SD = 0.11) = 0.02, and triage scores during the 24-hour full moon period (M = 3.22; SD = 0.73) were significantly more urgent than triage scores during the non-full moon period (M = 3.29; SD = 0.72) = 0.045. However, while the differences in the mean triage scores are statistically significant, the actual difference is quite small.
The 3-day model did not show any statistically significant differences between presentations that occurred during the full-moon period and the non-full-moon period.
Discussion
We analyzed three definitional models of the full-moon period within the same population and found different significant results for each model. The results of previous lunar research have been equally contradictory. The majority of studies conducted to date have found that the lunar cycle does not have a significant effect on psychiatric ED presentations [5] [6] [7] [8] [9] [10] . However, a small number of studies have found the opposite; these results support the hypothesis that psychiatric emergencies and other pathological behaviour (e.g., robbery and assault) are more likely to occur around the full moon [2, 3, 12] .
The results of our study seem to support the findings of both kinds of research. Consistent with the majority of lunar research, we found that the lunar cycle did not influence ED presentations in the 3-day model. However, in the 12-hour and 24-hour models, we found a significant effect of the lunar cycle such that the frequency of psychiatric ED presentations was reduced during the full moon. We also found that significantly more patients with a diagnosis of personality disorder presented during the 24 hr full-moon period and that triage codes during this time tended to be more severe. These results support the minority of lunar research, which has found an effect of the lunar cycle. Our results are clearly contradictory and provide a good representation of the confusion that exists in lunar research. However, our study is the first of its kind conducted to test the validity of common lunar models used in lunar research within the same population. Our study may be used to provide an explanation for the conflicting findings about the relationship between the lunar cycle and the frequency or severity of psychiatric emergencies discovered by other researchers [1, 2, 5, 10] . Our results indicate that the use of different definitional models of the full-moon period influences the significant results obtained. Future studies need to be clear on their definition of the "full-moon" period, so that the results of studies with similar definitions can be compared. Ideally, a standardized definition (or definitions) of the full-moon period should be adopted, thereby allowing for a true inter-study comparison. The ability to conduct this kind of inter-study comparison would allow researchers to generate conclusive results about the effect of the lunar cycle on ED presentations. Although methodological issues may explain the conflicting research findings in this area, this does not explain why the belief in a lunar effect continues to be so widespread. One plausible explanation is that this belief is a cultural artifact, left over from the time before artificial lighting, when the lunar cycle had a real influence on the severity of bipolar and epileptic symptoms [1, 16] . Before artificial lighting, it was too dark for people to be active after sunset during the waxing and waning phases of the lunar cycle [1] . The full moon provided an increase in the amount of nighttime illumination and caused a significant sleep disturbance as a result [1] . Recent research has shown that sleep disruptions of as little as 1.5 hours from baseline can induce mania and seizures in vulnerable people [16] . In addition, myths surrounding the influence of celestial bodies on human behavior have existed for centuries [17] . These myths may have reinforced the association between psychiatric symptoms and the lunar cycle that existed in the past.
Although our study provides a compelling explanation for the discrepancies in lunar research, it is the first of its kind and has several limitations. We chose three of the more commonly used definitions, but there are others that we did not test, such as a 6-hour, 7-day, and a lunar quartile model. Future research should include these alternate definitions of the full moon period. We also only looked at data from one centre and at psychiatric admissions. Future studies may wish to look at more centers and different diagnoses (such as maternity admissions).
Conclusions
This study found differences in psychiatric ED admissions during the full moon period, depending on the definition of "full moon. " Our findings highlight the need for a consistent definition of "full moon. " This lack of a consistent definition of the full-moon period may explain the conflicting findings of previous studies in this area.
